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Description 
LIQUID CRYSTAL DISPLAY DEVICE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a liquid crystal display 
device, and more specifically, to a liquid crystal display 
device capable of producing an image with uniform 
brightness at various viewing angles. 

[0003] 2. Description of the Prior Art 

[0004] since a liquid crystal display device (LCD) has the advan- 
tages of better portability, lower power consumption, and 
lower radiation, the LCD is widely used in various portable 
products, such as notebooks, personal data assistants 
(PDA), and video cameras, and the LCD replaces a conven- 
tional CRT monitor gradually. 

[0005] it j S we || known that incident light will produce different 
polarization or refraction when the alignments of liquid 
crystal molecules are different. Accordingly, the LCD uti- 
lizes the liquid crystal molecules with different alignments 



to control the light transmittance of each pixel unit so as 
to generate light beams with different intensities of gray 
level or to generate red, blue, and green lights with differ- 
ent brightness, so that the LCD is enabled to produce 
gorgeous images. Please refer to Fig.l. Fig.l is a sectional 
view of a prior art liquid crystal display device. As shown 
in Fig.l, a liquid crystal display device (LCD) 10 comprises 
a liquid crystal display panel 12 and a backlight module 
20 positioned below the liquid crystal display panel 12. 
Generally, the LCD 10 further includes an upper polarizer 
(not shown) positioned on an upper surface of the liquid 
crystal display panel 12, and a lower polarizer (not shown) 
located between the liquid crystal display panel 12 and 
the backlight module 20. 
[0006] Additionally, the liquid crystal display panel 12 has an up- 
per substrate 14a, a lower substrate 14b, and a liquid 
crystal layer 18 sealed between the upper substrate 14a 
and the lower substrate 14b. The liquid crystal display 
panel 12 further includes transparent conductive layers 
16a and 16b respectively formed on a lower surface of the 
upper substrate 14a and an upper surface of the lower 
substrate 14b. When the conductive layers 16a and 16b 
are applied with a voltage, the alignments of the liquid 



crystal molecules can be adjusted to control the light 
transmittance of each pixel unit. In addition, the backlight 
module 20 at least comprises a light source 20a for gen- 
erating light beams, a light-guiding plate 20b for guiding 
the light beams, a diffuser 22 for equally distributing the 
light beams, and a reflective plate 24 for reflecting light 
beams into the liquid crystal display panel 12. Usually, the 
transparent conductive layers 16a and 16b both can be 
composed of indium tin oxide (ITO). The light source 20a 
can be a light emitting diode (LED) or a cold cathode fluo- 
rescent lamp (CCFL), and the light-guiding plate 20b is 
usually made of acrylic. 
[0007] As shown in Fig.l, the light beams generated from the 

light source 20a are firstly reflected by spots on a bottom 
of the light-guiding plate 20b, and then, the reflected 
light beams are ejected from the light-guiding plate 20b 
and enter the liquid crystal display panel 12. Therefore, 
the LCD 10 can display various images with the aids of the 
reflected light beams and other optical units, such as po- 
larizers or color filters. Additionally, when a user watches 
the images displayed by the LCD 10, an intersecting angle 
between eyes of the user and the axis 26 that is perpen- 
dicular to a surface of the LCD 10 is defined as a viewing 



angle 6. 

[0008] Referring to Fig. 2, Fig. 2 is a simplified schematic diagram 
illustrating the relationship between the luminance pro- 
vided by a backlight module and a viewing angle (6). As 
shown in Fig. 2, the backlight module 20 generates light 
beams with uniform brightness at each viewing angle. Ac- 
cordingly, the backlight module 20 can function to supply 
light beams with sufficient brightness and uniform distri- 
bution so that the LCD 10 can display high quality images. 

[0009] Referring to Fig. 3 and Fig. 4, Fig. 3 is a simplified 

schematic diagram illustrating the relationship between 
the light transmittance of the LCD 10 and a viewing angle 
(9). Fig. 4 is a simplified schematic diagram illustrating the 
relationship between the luminance displayed by the LCD 
10 and a viewing angle (6). As shown in Fig. 3, the light 
transmittance of the liquid crystal display panel 12 gets 
smaller as the viewing angle becomes larger. Accordingly, 
even though the backlight module 20 can provide light 
beams with uniform brightness for the liquid crystal dis- 
play panel 12, the brightness displayed by the LCD 10 still 
decreases as the viewing angle increases, as shown in 
Fig. 4. That is to say, as the user watches the images dis- 
played by the LCD 10, the brightness observed by the user 



varies as the user changes his/her position, which pre- 
vents the user from enjoying the images displayed by the 

LCD 10 comfortably and easily. 
Summary of Invention 

[0010] it is therefore one object of the present invention to pro- 
vide a liquid crystal display device capable of producing 
an image with uniform brightness at various viewing an- 
gles to solve the above-mentioned problem. 

[0011] According to the present invention, a liquid crystal display 
device includes a liquid crystal display panel having two 
parallel substrates and a liquid crystal layer sealed be- 
tween the substrates, a light source for generating light 
beams, and a dispersion film positioned between the liq- 
uid crystal display panel and the light source having a 
plurality of bar-like structures arranged along a first di- 
rection and facing the light source. The dispersion film is 
utilized for increasing brightness of the light beams gen- 
erated from the light source as a viewing angle is in- 
creased, and further utilized for the liquid crystal display 
device to display an image with uniform brightness. 

[0012] | t j S an advantage over the prior art that the present in- 
vention provides the liquid crystal display device having at 
least a dispersion film with a plurality of bar-like struc- 



tures facing the light source. Thanks to the bar-like struc- 
tures, the light beams passing through the dispersion film 
are scattered outwards, so that the brightness of the light 
beams passing through the dispersion film increases as 
the viewing angle increases. Therefore, the liquid crystal 
display device can display images with uniform brightness 
at various viewing angles. 
[0013] These and other objects of the present invention will be 
apparent to those of ordinary skill in the art after having 
read the following detailed description of the preferred 
embodiment that is illustrated in the various figures and 

drawings. 
Brief Description of Drawings 

[0014] pig.l is a sectional view of a prior art liquid crystal display 
device. 

[0015] pig. 2 is a simplified schematic diagram illustrating the re- 
lationship between the luminance provided by a backlight 
module and a viewing angle (6). 

[0016] pig. 3 is a simplified schematic diagram illustrating the re- 
lationship between the light transmittance of the LCD 10 
and a viewing angle (6). 

[0017] Fig. 4 is a simplified schematic diagram illustrating the re- 
lationship between the luminance displayed by the LCD 10 



and a viewing angle (6). 

[0018] Fig. 5(A) and Fig. 5(B) are schematic diagrams of a liquid 
crystal display device according to the present invention. 

[0019] pig. 6 illustrates the relationship between the brightness of 
the light beams 46 and the viewing angle. 

[0020] Fig. 7 is a simplified schematic diagram illustrating the re- 
lationship between the brightness displayed by the LCD 
30 and a viewing angle (6). 

[0021] Fig. 8 to Fig. 14 are structural diagrams illustrating the dis- 
persion film according to another embodiments of the 
present invention. 

[0022] Fig. 15 is a schematic diagram of a liquid crystal display 

device according to another embodiment of the present 

invention. 
Detailed Description 

[0023] Referring to Fig. 5(A) and Fig. 5(B), Fig. 5(A) and Fig. 5(B) are 
schematic diagrams of a liquid crystal display device ac- 
cording to the present invention. As shown in Fig. 5(A), an 
LCD 30 comprises a liquid crystal display panel 32, a 
backlight module 44 positioned below the liquid crystal 
display panel 32, a diffuser 40 positioned between the 
liquid crystal display panel 32 and the backlight module 
44, and a dispersion film 42 positioned between the dif- 



fuser 40 and the backlight module 44. As is known to 
those skilled in the art, the diffuser 40 is not a necessary 
element so that it can be omitted sometimes. 
[0024] Additionally, the liquid crystal display panel 32 has an up- 
per substrate 34a, a lower substrate 34b, and a liquid 
crystal layer 38 sealed between the upper substrate 34a 
and the lower substrate 34b. The liquid crystal display 
panel 32 further includes transparent conductive layers 
36a and 36b respectively formed on a lower surface of the 
upper substrate 34a and an upper surface of the lower 
substrate 34b. As the conductive layers 36a and 36b are 
applied with a voltage, the orientations of the liquid crys- 
tal molecules can be regulated to control the light trans- 
mittance of each pixel unit so as to generate light beams 
with different gray levels or to generate red, blue, and 
green lights with different brightness, so that the LCD 30 
can display plenty of images. The transparent conductive 
layers 36a and 36b both can be composed of indium tin 
oxide (ITO). 

[0025] | n addition, the backlight module 44 at least comprises a 
light source 44a for generating light beams, a light- 
guiding plate 44b for guiding the light beams, a diffuser 
48 for equally distributing the light beams, and a reflec- 



tive plate 49 for reflecting light beams into the liquid 
crystal display panel 32. The light source 44a can be a 
light emitting diode (LED) or a cold cathode fluorescent 
lamp (CCFL), and the light-guiding plate 44b is usually 
made of acrylic or a thin film of aluminum. In general, the 
LCD 30 further includes an upper polarizer (not shown) 
positioned on an upper surface of the liquid crystal dis- 
play panel 32 and a lower polarizer (not shown) located 
between the liquid crystal display panel 32 and the back- 
light module 44. The upper polarizer and the lower polar- 
izer are utilized for allowing polarized light with a partic- 
ular polarized direction to pass through them. 
[0026] it should be noted that the dispersion film 42 includes a 
rough surface 42a facing the backlight module 44, and a 
flat surface 42b facing the diffuser 40 according to the 
preferred embodiment of the present invention. There- 
fore, the light beams 46 generated by the backlight mod- 
ule 44 enter the dispersion film 42 via the rough surface 
42a, and then, are emitted from the dispersion film 42 via 
the flat surface 42b. As shown in Fig. 5(B), the rough sur- 
face 42a has a plurality of bar-like structures 43 and a 
cross section of each bar-like structure 43 has a shape of 
a triangle that can be any kind of triangle, such as an 



equilateral triangle, a right-angled triangle, or an isosce- 
les triangle. Furthermore, the dispersion film 42 is made 
of a pervious to light material with a better light transmit- 
tance such as a plastic film. 
[0027] a s shown in Fig. 5(A), the light beams 46 ejected from the 
dispersion film 42 are scattered outwards owing to the 
rough surface 42a and changes of mediums with different 
refractive indexes. Accordingly, as the light beams 46 
leave the dispersion film 42 via the flat surface 42b, the 
brightness of the light beams 46 increases when the view- 
ing angle increases and Fig. 6 illustrates the relationship 
between the brightness of the light beams 46 and the 
viewing angle. As a result, since the relationship between 
the viewing angle and the light transmittance of the liquid 
crystal display panel 32 is contrary to that between the 
viewing angle and the brightness of the light beams 46 
emitted from the dispersion film 42, a user can always 
observe a uniform brightness from each viewing angle. 
Referring to Fig. 7, Fig. 7 is a simplified schematic diagram 
illustrating the relationship between the brightness dis- 
played by the LCD 30 and a viewing angle (6). As shown in 
Fig. 7, the LCD 30 can display images with uniform bright- 
ness at various viewing angles owing to the dispersion 



film 42. 

[0028] Furthermore, the structure of the dispersion film of the 
present invention is not limited to that shown in Fig. 5(B). 
Referring to Fig. 8 to Fig. 14, Fig. 8 to Fig. 14 are structural 
diagrams illustrating the dispersion film according to an- 
other embodiments of the present invention. 

[0029] As shown in Fig. 8, the dispersion film 42 has a plurality of 
bar-like structures 43 and a cross section of each bar-like 
structure 43 has a shape of a triangle that can be any kind 
of triangle. Two adjacent bar-like structures 43 are apart 
from each other and are separated by a planar structure 
43a. Since the cross section of each bar-like structure 43 
is not limited to a triangle, the cross section of each of the 
bar-like structures can be a semicircular shape, such as a 
semicircle or a semi-ellipse, and two adjacent bar-like 
structures 43 are connected to each other, as shown in 
Fig. 9. Additionally, the two adjacent bar-like structures 43 
can be apart from each other and be separated by a round 
depression 43b, as shown in Fig. 10. Furthermore, the 
cross section of each of the bar-like structures 43 can be 
a shape of a trapezoid, and two adjacent bar-like struc- 
tures 43 are connected to each other, as shown in Fig. 11. 
Moreover, the two adjacent bar-like structures 43 can be 



apart from each other and be separated by a planar struc- 
ture 43a, as shown in Fig. 12, or by a round depression 
43b, as shown in Fig. 13. It should be noted that the bar- 
like structures 43 are not limited to linear structures and 
they can be bent structures or wavy structures. 

[0030] As shown in Fig. 14, the dispersion film 42 comprises a 
plurality of pyramid structures 45 that are arranged in a 
matrix. Therefore, the brightness of the light beams pass- 
ing through the dispersion 42 having pyramid structures 
45 increases as the viewing angle increases. 

[0031] Referring to Fig. 15, Fig. 15 is a schematic diagram of a liq- 
uid crystal display device according to another embodi- 
ment of the present invention. As shown in Fig. 15, an LCD 
50 comprises a liquid crystal display panel 52, a backlight 
module 66 positioned below the liquid crystal display 
panel 52, a diffuser 60 positioned between the liquid 
crystal display panel 52 and the backlight module 66, and 
dispersion films 62, 64 positioned between the diffuser 
60 and the backlight module 66. Additionally, the liquid 
crystal display panel 52 has an upper substrate 54a, a 
lower substrate 54b, and a liquid crystal layer 58 sealed 
between the upper substrate 54a and the lower substrate 
54b. The liquid crystal display panel 32 further includes 



transparent conductive layers 56a and 56b respectively 
formed on a lower surface of the upper substrate 54a and 
an upper surface of the lower substrate 54b. The trans- 
parent conductive layers 56a and 56b both can be com- 
posed of indium tin oxide (ITO). In addition, the backlight 
module 66 at least comprises a light source 66a for gen- 
erating light beams, a light-guiding plate 66b for guiding 
the light beams, a diffuser 68 for uniformly distributing 
the light beams, and a reflective plate 69 for reflecting 
light beams into the liquid crystal display panel 52. The 
light source 66a can be a light emitting diode (LED) or a 
cold cathode fluorescent lamp (CCFL), and the light- 
guiding plate 66b is usually made of acrylic. Generally, the 
LCD 50 further includes an upper polarizer (not shown) 
positioned on an upper surface of the liquid crystal dis- 
play panel 52 and a lower polarizer (not shown) located 
between the liquid crystal display panel 52 and the back- 
light module 66. 

[0032] The LCD 50 includes two dispersion films 62 and 64 posi- 
tioned between the liquid crystal display panel 52 and the 
backlight module 66, which is a major difference between 
the LCD 30 of Fig. 5(A) and the LCD 50. The dispersion 
films 62 and 64 respectively have a plurality of bar-like 



structures 63 and 65 that face the backlight module 66. 
The bar-like structures 63 are perpendicular to the bar- 
like structures 65. Therefore, the brightness of the light 
beams passing through the dispersion films 63 and 65 in- 
creases along both of the X-axis and the Y-axis as the 
viewing angle increases. As shown in Fig. 15, each of the 
dispersion films 62 and 64 has a cross section of triangu- 
lar shape, and the dispersion films 62 and 64 are made of 
plastic. Furthermore, the structures of the bar-like struc- 
tures 63 are not necessarily the same as those of the bar- 
like structures 65. The dispersion films 63 and 65 can be 
any one of the structures selected from Fig. 8 to Fig. 14. 
[0033] | n comparison with the prior art, the LCD according to the 
present invention has at least a dispersion film positioned 
between a liquid crystal display panel and a light source. 
The dispersion film comprises a plurality of bar-like 
structures or pyramid structures facing the light source. 
Thanks to the bar-like structures and the pyramid struc- 
tures, the light beams passing through the dispersion film 
are scattered outwards, so that the brightness of the light 
beams passing through the dispersion film increases as 
the viewing angle increases. Therefore, the LCD can dis- 
play images with uniform brightness at various viewing 



angles. 

[0034] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



